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In 2005, 13.5% of clinic-admitted raptors in northern
Colorado tested positive for West Nile virus (WNV). Clinic-
admitted–raptor surveillance detected WNV activity nearly
14 weeks earlier than other surveillance systems. WNV
surveillance using live raptor admissions to rehabilitation
clinics may offer a novel surveillance method and should be
considered along with other techniques already in use.

West Nile virus (WNV; genus Flavivirus; family
Flaviviridae) is an emerging pathogen of public

health and veterinary importance. In North America, WNV
has been associated with death in >198 species of birds,
including >33 species of raptors (1). Many hawk and owl
species are known to survive WNV infection (2–5).
Presumably most raptors become infected from mosquito
bites; however, some evidence suggests that infection may
occur after consumption of infected prey items (2,4–6).
Thus, raptors may be infected at a greater rate than nonrap-
tors. Dead raptors and other birds (particularly corvids)
have been used for early detection of WNV activity (7).
However, once WNV activity is established in a location,
birds that are highly susceptible to fatal infection are
removed from the environment, and as a result, avian death
rates should diminish (8). Raptors infected with WNV that
are admitted to rehabilitation facilities, either because of
WNV-associated illness or injury or for other unrelated
complications, may serve as an alternate source for early
detection of WNV infection.

The Study
From 2002 through 2005, raptors originating in

Colorado were bled by ulnar venipuncture and orally
swabbed upon admission to the Rocky Mountain Raptor
Program of Colorado State University. WNV was first
detected in Colorado in August 2002, and testing of raptors
was initiated in September (oral swabs) and October

(serum samples). In all other years, samples were collect-
ed from early to late April through mid to late October.
Specimens were tested for WNV-neutralizing antibodies
by plaque-reduction neutralization test (PRNT) and for
virus isolation by Vero cell plaque assay (9) or WNV anti-
gen by VecTest WNV Antigen Detection Assay (Medical
Analysis Systems, Ventura, CA, USA). Isolated viruses
were identified as WNV by VecTest. To confirm that anti-
body-positive adult raptors were recently infected, we
evaluated 90% neutralization titers in acute-phase and con-
valescent-phase serum samples collected ≈3 weeks apart.
A 4-fold increase in titer was considered evidence of a
recent infection. Cross-reactivity for another closely relat-
ed North American flavivirus, Saint Louis encephalitis
virus, was ruled out by comparing 90% neutralization
titers. A 4-fold greater titer for 1 of the viruses indicated
that particular virus as the etiologic agent for the infection.
Utility of WNV detection in raptors was evaluated in rela-
tion to other existing WNV surveillance techniques in
northern Colorado.

We report results from 323 raptors sampled from
2002 through 2005. Most of these (83%) originated from
Weld and Larimer counties, which represent an area of
6,639 square miles, larger than Connecticut and Rhode
Island combined. During the study, 38 raptors (11.8%)
tested positive for WNV. Some were positive by both oral
swab and seroconversion, while others were positive
according to only 1 of these. Usually, birds that were pos-
itive only by oral swab died before 1 or both blood sam-
ples could be collected, so we were unable to test for
seroconversion.

In 2002, 17 raptors were tested (blood by PRNT and
oral swab by plaque assay), 4 of which were seropositive
for WNV between October 7 and November 15. In 2003,
52 birds were tested (serum by PRNT and oral swab by
VecTest), 7 of which seroconverted and 5 of which were
oral swab–positive. Positive samples were detected
between July 17 and September 1. In 2004, 113 birds were
tested by plaque assay of oral swab (no blood test), and 3
were found to be positive between July 28 and September
17. In 2005, 141 birds were tested (serum by PRNT and
oral swab by plaque assay), of which 19 were positive (8
by seroconversion, 6 by virus isolation from swab, and 5
by both methods; Table). Positive results were from birds
admitted between April 8 and September 21.

To compare our test results with those from other sur-
veillance systems for WNV, we limited our data to speci-
mens collected April 1–October 15, 2005, from raptors
originating in Weld or Larimer counties. In comparing the
earliest date of detection for each of the surveillance meth-
ods in place in these counties, clinic-admitted raptor sur-
veillance provided the earliest evidence of WNV activity
(April 8), preceding all other WNV surveillance systems’
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initial detections of WNV activity by nearly 14 weeks
(Figure).

Conclusions
The early detection of WNV in clinic-admitted raptors

compared with other detections by surveillance systems in
northern Colorado during 2005 points to the potential util-
ity of raptor rehabilitation centers for WNV surveillance.
Although other active surveillance systems require signif-
icant allocations of human resources, clinic-admitted rap-
tor surveillance is a passive system that takes advantage of
existing resources outside the traditional public health
infrastructure. Nationwide, about 1,000 wildlife rehabilita-
tion facilities admit ≈10,000 birds annually (P. Redig, pers.
comm.). Participation in surveillance efforts provides reha-
bilitators with valuable diagnostic information and can be
accomplished at no cost to the rehabilitator, provided that
provisions are supplied.

The detection of WNV in an oral swab of a great
horned owl in early April in Colorado was quite unexpect-
ed because of the early date. This bird was an uninjured
nestling that was brought to the clinic for nurturing until it
could be replaced into its original nest. The oral swab
yielded a low number of infectious virus particles (2.5
PFU), and the nestling failed to develop clinical signs and
failed to seroconvert. We believe that the oral cavity may
have been contaminated by a recent prey meal provided by
the bird’s parents shortly before admission. Although early
spring transmission of WNV by mosquitoes to either the
owlet or a prey animal is possible, persistent infection of
the prey item is an alternative explanation. Experimentally
infected hamsters develop chronically infected kidneys
(10), and birds may also maintain persistent visceral infec-
tions (2).

If the early detection in the owl was an anomaly, the
next earliest evidence of WNV activity from clinic-admit-
ted raptors was June 28, which also preceded all other

detections. The first confirmed human case of West Nile
fever in the study area developed symptoms on July 17,
and the first confirmed case of West Nile neurologic dis-
ease occurred on August 6 (Figure).

Although we have shown that a combination of sero-
logic and oral swab testing increases the sensitivity of clin-
ic-admitted raptor surveillance almost 2-fold, serologic
testing has 3 important limitations: 1) blood sampling
requires special training and expertise; 2) evidence of sero-
conversion requires 2 samples spaced apart by at least 2
weeks, and therefore reporting of positive results is signif-
icantly delayed by several weeks after onset of infection;
and 3) neutralization tests can be prohibitively expensive
and require extensive training, time, supplies, Biosafety
Level-3 (BSL-3) lab facilities, and expertise in interpreting
results, which are complicated by cross-reactions with
closely related viruses. Limiting sampling to oral swabs
reduces sensitivity; however, the savings in time and cost
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Figure. Chronology of detections of West Nile virus by various sur-
veillance systems in place in Larimer and Weld Counties, northern
Colorado, 2005. Confirmed human cases, mosquito, dead bird,
and equine surveillance information provided by the Centers for
Disease Control and Prevention's ArboNet Surveillance System
through October 15, 2005.



would permit a greater number of samples to be collected
and tested. Although we used plaque assay for detecting
WNV in oral swabs, which also requires BSL-3 laboratory
facilities, our samples could have been tested with high
sensitivity and specificity for WNV-specific RNA
sequences by using reverse transcription–PCR, which
requires a lower level of biosafety (11).

In conclusion, limited data from 1 small region of
North America suggest that WNV surveillance using live
raptor admissions to rehabilitation facilities should be con-
sidered along with other established surveillance methods
already in use (12,13). Clinic-admitted raptors are most
useful for early detection or continued detection of WNV
activity. However, this form of surveillance is inadequate
for quantifying local transmission risk.

Acknowledgments
We thank the volunteers and staff at the Rocky Mountain

Raptor Program for their support and participation in this project,
especially Becca Bates, Marissa Grove, and Jessica Plunkett. We
also thank Jason Velez and Kaci Klenk for technical assistance,
Theresa Smith and Krista Kniss for providing surveillance data
from Centers for Disease Control and Prevention’s ArboNet
Surveillance System, and the county and state health departments
for providing those data to ArboNet. 

This work was funded by the US Centers for Disease
Control and Prevention.

Dr Nemeth is a graduate student at Colorado State
University and worked for several years in the Arbovirus
Diseases Branch, Division of Vector-Borne Infectious Diseases,
Centers for Disease Control and Prevention, Fort Collins,
Colorado, USA. Her research interests include avian infectious
diseases and the conservation and ecology of birds and other
wildlife.

References

1. Komar N. West Nile Virus: epidemiology and ecology in North
America. Adv Virus Res. 2003;61:185–234. 

2. Komar N, Langevin S, Hinten S, Nemeth N, Edwards E, Hettler E,
et al. Experimental infection of North American birds with the New
York 1999 strain of West Nile virus. Emerg Infect Dis.
2003;9:311–22. 

3. Stout WE, Cassini AG, Meece JK, Papp JM, Rosenfield RN, Reed
KD. Serologic evidence of West Nile virus infection in three wild
raptor populations. Avian Dis. 2005;49:371–5. 

4. Nemeth N, Gould D, Bowen R, Komar N. Natural and experimen-
tal West Nile virus infection in five raptor species. J Wildl Dis.
2006;42:1–13. 

5. Nemeth NM, Hahn DC, Gould D, Bowen R. Experimental West
Nile virus infection in Eastern screech owls (Megascops asio).
Avian Dis. 2006;50:252–8. 

6. Garmendia AE, Van Kruiningen HJ, French RA, Anderson JF,
Andreadis TG, Kumar A, et al. Recovery and identification of West
Nile virus from a hawk in winter. J Clin Microbiol.
2000;38:3110–1. 

7. Eidson M, Komar N, Sorhage F, Nelson R, Talbot T, Mostashari F,
et al.; West Nile Virus Avian Mortality Surveillance Group. Crow
deaths as a sentinel surveillance system for West Nile virus in the
northeastern United States, 1999. Emerg Infect Dis. 2001;7:615–20. 

8. Eidson M.  “Neon needles” in a haystack: the advantages of passive
surveillance for West Nile virus. Ann N Y Acad Sci.
2001;951:38–53. 

9. Beaty BJ, Calisher CH, Shope RE. Arboviruses. In: Lennette EH,
Lennette DA, Lennette ET, editors. Diagnostic procedures for viral,
rickettsial, and chlamydial infections, 7th ed. Washington:
American Public Health Association; 1995. p. 189–212.

10. Tonry JH, Xiao SY, Siirin M, Chen H, da Rosa AP, Tesh RB.
Persistent shedding of West Nile virus in urine of experimentally
infected hamsters. Am J Trop Med Hyg. 2005;72:320–4. 

11. Lanciotti RS, Kerst AJ, Nasci RS, Godsey MS, Mitchell CJ, Savage
HM, et al. Rapid detection of West Nile virus from human clinical
specimens, field-collected mosquitoes, and avian samples by a
TaqMan reverse transcriptase PCR assay. J Clin Microbiol.
2000;38:4066–71. 

12. Gubler DJ, Campbell GL, Nasci R, Komar N, Petersen L, Roehrig
JT. West Nile virus in the United States: guidelines for detection,
prevention, and control. Viral Immunol. 2000;13:469–75. 

13. Komar N. West Nile virus surveillance using sentinel birds. Ann N
Y Acad Sci. 2001;951:58–73.

Address for correspondence: Nicole Nemeth, 3801 W Rampart Rd,
Colorado State University, Fort Collins, CO 80523-1683, USA; email:
nnemeth@colostate.edu

West Nile Virus in Raptors, Colorado

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 13, No. 2, February 2007 307

The opinions expressed by authors contributing to this journal do
not necessarily reflect the opinions of the Centers for Disease
Control and Prevention or the institutions with which the authors
are affiliated.




